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IN ARID AND SEMI-ARID REGIONS recurrent droughts often decimate livestock but camels survive and continue to produce milk (22) . Nomadic camel pastoralism is therefore a rational human adaptation to a severe and adverse environment, but it has a great potential for improvement (34) .
In the dry season it is customary to water camels every 7-15 days, but the interval can be up to 30 days if the water source is far away (2) . Water is often collected manually from deep wells making watering the most laborious activity for camel herders during drought periods (8) .
Studies on fluid and temperature regulation in males and nonpregnant, nonlactating females have given basic understanding of the adaptive mechanisms by which camels cope with their hostile environment, e.g., diurnal variation in core body temperature, low water turnover in the body, maintained plasma volume, and behavioral adjustments (35-37, 39, 40, 45) . Camels show salt appetite as do some other mammals (16, 22) and are regularly given salt or taken to salt-rich places (10, 44) .
Camel milk contains 15-20 mmol/l of sodium (47) , and reports on camels' salt requirement vary from equal to more than six times the amounts recommended for the dairy cow (44) . Milk off take for human consumption can approach 6 liters per day under pastoral management, whereas the amounts taken by calves are more uncertain and depend on their age (8) .
Considering the importance of camels for people living in arid and semi-arid regions, there are few studies on the physiological mechanisms that make it possible for severely dehydrated camels to not only survive but also to produce milk. Some reports have claimed that camels' milk becomes more diluted with increasing dehydration, which would be a mechanism unique to camels and an extra advantage for their offspring and for humans in these regions (46) . That suggestion raised two questions: first, do dehydrated camels secrete diluted milk, and second, what changes in body fluid homeostasis occur? An experiment aiming to answer both questions was performed. The answer to the first question has been published (9) . Briefly, it was found that camels do not dilute the milk, but that milk osmolality increased in parallel with blood plasma osmolality and that water content in milk did not increase. The previous misunderstanding could be due to lower fat and protein percentages in the milk of dehydrated camels (46, 47) .
The second question is addressed in the present study. It was hypothesized that camels store water after drinking and minimize water losses by diurnal variation in body temperature, changes in behavior, and release of vasopressin. The aim was to find a sustainable watering interval for lactating camels.
METHODS
The experimental design was described in detail in Bekele et al. (9) and is therefore summarized. Methods only used in this second part of the study are described here.
Site and animals. The experiment was performed at the Haramaya University Camel Research Station in the Errer valley, Ethiopia from the end of August to mid November 2003. The climate is semi-arid with yearly rainfall of 300 -700 mm. The lowest mean ambient temperature was 19.6°C (in the shade) with humidity 82.5% at 0700 h and the highest mean temperature was 33.1°C with humidity 27.5% at noon (9) . Seven lactating camels (Camelus dromedarius) owned by Haramaya University took part in the experiment. They were handled by their regular caretakers, who otherwise kept them in a nearby village.
Experimental design. During the experiment the camels were kept in a sand paddock (24 m ϫ 30 m) and were given 10 days of adaptation to experimental routines. The adult camels spent the nights in a pen separated from their calves. An open storage shed made of corrugated metal sheets (3 m ϫ 4 m, and 2.5 m in height) was built approximately 1 meter from the fence on one side of the paddock. This provided some shade for the camels (Fig. 1) .
The camels were divided into four pairs (one recruited camel had to be excluded due to temporary illness) according to age, parity, milk volume, and lactation month. One camel was 14, one was 9, and five were 6 years old. Mean milk off take was between 1.7 and 3.6 liters per day (9) . The experiment consisted of four consecutive periods with four different treatments represented in each period. The treatments were the following: watering once daily (W1), watering on days 4, 8, 12 , and 16 (W4), watering on days 8 and 16 (W8), and watering on day 16 (W16). Each period was 16 days long, followed by 5 days during which camels could walk outside the paddock and were watered once daily. In total the experiment lasted 84 days. The experiment had a modified cross-over design, i.e., W16 was followed by W1 (or was the last treatment) since this was the first experimental study on prolonged water deprivation in lactating camels. We then randomized the treatments for each pair. The order of treatments was the following: W16, W1, W8, W4 (first pair); W1, W8, W4, W16 (second pair); W8, W4, W16, W1 (third pair); and W4, W16, W1, W8 (singleton).
Ethical considerations. The experimental procedures were planned with respect to "APS Guiding Principles for the Care and Use of Vertebrate Animals in Research and Training" and previous studies on camels in this region (10) . The experimental design was reviewed by the local Ethical Committee, Uppsala, Sweden. For reasons of animal welfare, the following endpoints were predetermined: if plasma osmolality exceeded 360 mosmol/kg, if a camel stopped eating or lost more than 30% of its body weight then the animal would be given immediate access to water. One camel stopped eating on day 12 during W16 and was immediately given free access to water, and data from the remaining days (13 to 16) during W16 treatment were excluded from the statistical analyses. The camel recovered and participated in all other watering treatments. All camels were clinically healthy and returned to the village at the end of the experiment.
Daily routines, weighing, feeding and watering. The time schedule during the 16-day-long treatments is shown in Table 1 . Food consisted of hay and concentrates (2 kg well mixed with 10 g NaCl in buckets for each camel). The dry matter (DM) content of the hay and concentrates was 91.5% and 91.7%, respectively (9) . The camels were weighed on an Animal Scale (EC 2000 with battery, 0.5 kg scale division, Nordpost, Enköping, Sweden). A hole was excavated for the scale and covered with a solid wooden platform. The camels were trained to stand on the platform by giving them their favorite leaves (Acacia brevispica). The wires from the scale were connected to a box on which the body weight was displayed and recorded manually.
Respiratory frequency and rectal temperature. Respiratory frequency was counted by observing flank movements for 60 s. Thereafter, rectal temperature was measured using a digital thermometer.
Behavior. Camels were identified by numbers on each side of the body (Fig. 1) . The camels' activity and position were recorded every 30 min by the same observer at prescheduled days and times (Table  1) . Activity was defined as camels walking, standing, or lying down. Position was defined as the camel being in the sun or shade [defined as front legs and head in the shed or standing or lying along the walls of the shed (Fig. 1) ].
Blood sampling, transportation, and analyses. Blood samples were drawn from the jugular vein, always before being given water, on prescheduled days (Table 1) . Five milliliters of blood were collected in prechilled venoject tubes containing Li-heparin for measurements of hematocrit, total plasma protein concentration, osmolality, sodium and potassium concentrations. For hormones, glucose, and urea, 10 ml of blood were collected into prechilled venoject tubes containing K3-EDTA. The tubes were immediately put on ice in a sealed box. Blood samples were transported to the Department of Animal Science, Haramaya University for analysis and storage. For hematocrit measurements blood was spun in triplicate capillary tubes for 5 min in a microhematocrit centrifuge (Centurion Scientific, West Sussex, UK), and for the other analyses the tubes were centrifuged at 3,000 rpm and ϩ4°C (Centurion Scientific model K40R series) for 20 min. Plasma osmolality was measured by freezing-point depression (Fiske 2400 Multi-Sample Osmometer, Norwood, MA) in the evening of the sampling day. The remaining blood plasma samples were stored at Ϫ20°C, kept frozen during transport, and transferred to Ϫ70°C immediately upon arrival at the laboratory in Sweden. Plasma sodium and potassium concentrations were measured using a flame photometer (IL 243, Instrumentation Laboratory, Paderno, Dugano, Italy). Plasma glucose concentration was analyzed with an enzymatic colorimetric test for glucose without deproteinization and plasma urea concentration by another enzymatic colorometric test (Urea Liquicolor; both from Human Gesellschaft für Biochemica und Diagnostica, Wiesbaden, Germany). Total plasma protein concentration was determined using a TS refractometer (American Optical, Buffalo, NY).
The radioimunoassays used for hormone analyses were validated for camel plasma by demonstrating that plasma dilutions were parallel to the standard curve. Before analysis of arginine vasopressin (AVP), plasma was extracted with acetone and petroleum benzine (Merck, Darmstadt, Germany) with a recovery of 71.2%. After extraction, plasma vasopressin concentration was analyzed using the Vasopressin RIA (Vasopressin, Eurodiagnostica, Malmö, Sweden). The minimal detectable value was 0.6 pmol/l. The intra-assay coefficient of variation was Ͻ10% (1.4 -60.0 pmol/l). Plasma aldosterone was measured using the Coat-A-Count RIA (Diagnostics Product, Los Angeles, CA). The minimal detectable value was 26.1 pmol/l. The intra-assay coefficient of variation was Ͻ10% (97.9 -2816 pmol/l) and the inter-assay coefficient was 3.9% at 153.9 pmol/l and 4.2% at 694.4 pmol/l. Plasma cortisol was measured using the Coat-A-Count RIA (Diagnostics Product). The lower detection limit was 2.2 nmol/l. The intra-assay coefficient of variation was Ͻ10% (13.0 -1380.0 nmol/l). The inter-assay coefficient was 12% at 20.1 nmol/l and 2.3% at 74.2 nmol/l.
Statistics and calculations. The experiment was designed as a cross-over trial with four treatments and four periods. Within each period of 16 days, repeated measurements were made. Mixed linear models for repeated measurements (20, 26) were used to analyze the data. Hormonal data were logarithmically transformed. The crossover part of the design was handled by treating the individual as a random effect, while the repeated measurements were modeled using a spatial power covariance structure within each period. Alternative models were compared using the Akaike information criterion (4). Pairwise post hoc comparisons were adjusted for multiplicity using Tukey's method. The Proc Mixed and Proc Corr of the SAS (SAS/Stat User's Guide, version 9, SAS Institute, Cary, NC) were used for the analyses.
Camels' erythrocytes are resistant both to hypo-and hypertonicity (13) , and hematocrit (HT) was therefore used to calculate changes in plasma volume (PV) according to the formula: PV dehydration ϭ 100[(HTtime Ϫ HTpretreatment)/HTpretreatment] ϫ 100/(100 Ϫ HTtime) (23) . Camels maintain protein concentration in blood plasma during dehydration better than cattle (43) . Therefore, changes in plasma volume were also calculated according to the formula: PV dehydration ϭ [(TPPtime Ϫ TPPpretreatment)/TPPtime] ϫ PV1, where TPP is total plasma protein concentration and the pretreatment PV is set to 100%.
The behavioral data were recorded as the number of times during the observation period that an individual camel showed a specific behavior. This type of data can be modeled using generalized linear models with a logit link function (33) . Since several observations were made on each individual, mixed logistic models (26) are warranted. The Glimmix procedure of the SAS (2008) package was used. For each behavior, the models included time of day (morning/afternoon), treatment, day, and the treatment ϫ day interaction. The individual camel was used as a random factor. In addition, the repeated observations over time within each treatment were modeled as an autoregressive process (20) .
RESULTS
Body weight loss and water intake. On day 1 of treatment W1 the body weight was 436 Ϯ 16 kg (LSmeans Ϯ SE) and after daily consumption of water the body weight had increased to 465 Ϯ 16 kg on day 16 (P Ͻ 0.05 vs. day 1). Before water deprivation the camels weighed on average 463 (W4), 462 (W8), and 459 (W16) kg, respectively. Water deprivation decreased body weight by 6 -7 kg per day ( Fig. 2A) . On treatment W4 the camels lost on average 27 kg the first 4 days and drank 49 Ϯ 3 liters. The next day they weighed 32 kg more. By drinking in excess each fourth day the camels did not lose body weight during W4 (Fig. 2A) . During W8 the camels lost on average 56 kg during the first 8 days (P Ͻ 0.001 vs. day 1) after which they drank 72 Ϯ 7 kg. The extra amount of water lasted until day 13 when body weight became lower than on day 1 (P Ͻ 0.05). During W16 one of the camels stopped eating and was therefore given water on day 12 (she drank 80 liters). The other six camels weighed 459 Ϯ 16 kg on day 1 and 363 Ϯ 16 kg on day 16; a calculated loss of 21%. The six camels drank 90 Ϯ 9 liter, which was 6% less than their body weight loss.
The mean total water intake was on average 254, 195, 144, and 90 liters during W1, W4, W8, and W16 (n ϭ 6), respectively. Thus the calculated intake per days of water deprivation decreased with increasing time of dehydration (Fig. 2B) .
Plasma osmolality, sodium, potassium, glucose, and urea concentrations. Plasma osmolality increased significantly after 4 days of water deprivation during all three treatments (Table 2) . During W8 camels were offered water after 8 days, and 4 days later (day 12) plasma osmolality was not significantly different from day 1, but on day 16 it was again elevated. Mean plasma osmolality increased by 27 mosmol/kg during W16.
Plasma sodium concentration varied due to intermittent water intake during W4 ( day 1 during W8 and changes during water deprivation days were not significant. Plasma sodium concentration increased during W16 but stabilized at a mean of 160 -161 mmol/l from day 8. Plasma potassium, glucose, and urea concentrations did not change significantly during any of the treatments (Table 2) .
Plasma protein concentration. Total plasma protein concentration increased after 8 days of water deprivation during W8 (P Ͻ 0.01), but after drinking that day it was low on day 12 and had not increased significantly on day 16. During W16, plasma protein concentration was significantly elevated from day 8 ( Table 2) .
Hematocrit. The hematocrit did not change significantly during W1, W4, and W8 (Table 2 ). During W16 it was 28 Ϯ 1% on day 1 and increased to 32 Ϯ 1% before drinking on day 16 (P Ͻ 0.05).
Estimated plasma volume changes. Plasma volume decreased by 19% (P Ͻ 0.05) on day 16 during W16, when hematocrit was used in the formula, and by 15% using total plasma protein concentration (P Ͻ 0.001). On day 8 and day 12 during W16 the estimated plasma volume change was 10% using either hematocrit or protein concentration in the calculations.
Plasma vasopressin concentration. Plasma vasopressin concentration did not change significantly during W4 (Fig. 3A) . During W8 it became elevated on day 8 (P Ͻ 0.01 vs. day 1), dropped on day 12, and increased again on day 16 (P Ͻ 0.05 vs. day 1). On day 8 (log) vasopressin concentration was correlated to plasma osmolality (R 2 ϭ 0.5641, P Ͻ 0.001) and to plasma sodium concentration (R 2 ϭ 0.4709, P Ͻ0.001) during W8. Plasma vasopressin concentration was elevated on day 12 (P Ͻ 0.05 vs. day 1) and 16 (P Ͻ 0.01 vs. day 1) during W16. The correlation between (log) vasopressin and plasma sodium concentration was (R 2 ϭ 0.1585, P Ͻ 0.05) and between (log) vasopressin and plasma osmolality (R 2 ϭ 0.2064, P Ͻ0.05).
Plasma aldosterone concentration. High plasma aldosterone levels were found during W1 compared with W8 (P Ͻ0.05) and W16 (P Ͻ 0.05); the difference mainly due to the high aldosterone concentration on day 1 (Fig. 3B) . Aldosterone concentration during W4 did not differ either from that during W1 or from that observed during W8 and W16, respectively.
Plasma cortisol concentration. Mean plasma cortisol concentration was 23 Ϯ 3 (W1), 28 Ϯ 5 (W4), 34 Ϯ 4 (W8), and 25 Ϯ 6 nmol/l (W16), respectively, on day 1 with no significant change during any of the following days. There was no significant difference between treatments (P ϭ 0.34).
Rectal temperature. Rectal temperature showed a diurnal pattern. Afternoon temperatures seldom exceeded 39°C, noon rectal temperatures seldom exceeded 38°C, whereas morning temperatures decreased with increasing dehydration. On average, the afternoon temperature was 38.8 Ϯ 0.5°C (W1 and W8, respectively) and 38.7 Ϯ 0.5°C (W4 and W16, respectively). Morning temperature was 35.6 Ϯ 0.6 during W1 (Fig. 4A ) and 35.4 Ϯ 0.7°C during W4, but during W8 morning temperature was 35.2 Ϯ 0.8°C (P Ͻ 0.01 vs. W1), and during W16 it was 35.1 Ϯ 0.7°C (P Ͻ 0.001 vs. W1, and P Ͻ 0.002 vs. W4). On the last four mornings of W16 the rectal temperature was on average 34.3 Ϯ 0.1°C (Fig. 4B) .
Respiratory frequency. The warmest ambient temperature was recorded at noon and at that time respiratory frequency was 9.4 Ϯ 0.4 breaths/min during W1 with no significant difference when camels were dehydrated. In the afternoon the average respiratory frequency was 7.4 Ϯ 0.2 breaths/min during W1, and there was no difference when the camels were deprived of water. There was a minor but significant decrease in morning respiratory frequency with longer dehydration time. In the morning, respiratory frequency was on average 6.3 Ϯ Behavior. Camels were in the shade more often in the morning than in the afternoon (Fig. 5 ) within each treatment (P Ͻ 0.05 to P Ͻ 0.001) and, when dehydrated, they were in the shade especially in the morning (P Ͻ 0.001, W1 vs. W4, W8, and W16) and also in the afternoon during W16 (P Ͻ 0.001 vs. W1 afternoon). After drinking on day 16 the camels left the troughs and walked into the sun.
The camels walked only occasionally and therefore data on walking and standing have been summarized. The results revealed that the camels were on their feet most of the time. In the morning they were observed standing at 85 Ϯ 2 (W1 and W4), 88 Ϯ 2 (W8), and 92 Ϯ 2% (W16) of the occasions. In the afternoon they stood at 65 Ϯ 3 (W1), 80 Ϯ 3 (W4), 85 Ϯ 3 (W8), and 75 Ϯ 3% (W16) of the occasions. Thus they stood up more during W8 than W1 (P Ͻ 0.001), more during W16 than W1 (P Ͻ 0.01), and more in the morning compared with the afternoon (P Ͻ 0.001).
Recovery of milk production. In the previous study (9) recovery of milk production after W16 was not reported, but milk yield was recorded morning and afternoon during the 5-day intervals between treatments. The results are presented here. In the six camels that fulfilled all days during W16, milk yield decreased from 1.72 Ϯ 0.68 liters to 1.37 Ϯ 0.70 liters (P Ͻ 0.01) during the first 8 days versus the last 8 days. During the 5-day interval the camels had daily access to water, and milk yield was 1.86 Ϯ 0.86 liters (P Ͻ 0.001 compared with days 9-16, not significant compared with days 1-8).
DISCUSSION
To the best of our knowledge this is the first time that effects of different watering intervals on body fluid homeostasis have been reported in lactating camels. The results show that 1) lactating camels drank in anticipation of coming water deficits when water was offered at 4-or 8-day intervals but not enough to compensate body weight losses after 16 days water deprivation; 2) dehydrated lactating camels actively searched shade despite rectal temperature below 35°C; 3) plasma sodium concentration and osmolality increased after 4 days and, after 8 days, total plasma protein and vasopressin concentrations also increased; and 4) it took a long time for the lactating 4 812 16 1 4 812 16 1 4 812 16 1 4 812 camels to restore body fluid homeostasis after 16 days of water deprivation. Drinking huge amounts of water to rapidly replenish body weight loss in the camel was described about 50 years ago (36) , and later the black Bedouin goat was shown to immediately drink amounts of water compensating a 40% loss of its body weight (38) . Storage of the consumed water in the forestomach and gut, saliva buffering the forestomach contents, and the continuous exchange of electrolytes and water between gastrointestinal tract and blood plasma are important factors that explain the exceptional tolerance to water deprivation in camels and ruminants (40, 41) .
In the present study, the camels lost body weight during the first days of water deprivation, and when offered water they drank in excess of their body weight loss at the same time as they started to economize on water. Each time water deprivation was repeated, thereafter, they drank enough water to last for coming days. By this drinking pattern, several important characteristics of camels could be combined, e.g., slow movement of water from the reticulorumen to the blood, that the erythrocytes are resistant to hypoosmolality, and that water diuresis does not occur or is delayed after drinking large amounts of water (39) . It is possible that lactation in combination with heat stress modified the body's reaction to feedback signals on water content. Observations that heat-stressed lactating Ethiopian Somali goats subjected to a repetitive 4-day water deprivation schedule drank large volumes of water and, at the same time, retained the water more efficiently every new cycle support this suggestion (31) . Furthermore, heat-stressed lactating Swedish domestic goats continued to drink despite developing hyponatremia and hypovolemia (32) . We could speculate that the hypothalamic sodium-osmoreceptors that normally regulate both water intake and release of vasopressin within narrow limits (6, 17) respond differently in heat-stressed lactating camels and goats (31, 32) .
The sodium-osmoreceptors regulate not only thirst but also the release of vasopressin. In contrast to the urge to drink, however, plasma vasopressin concentration was initially low and did not increase after 4 days of dehydration. It cannot be excluded that the low values were due to insufficient cooling of the samples during transport from Ethiopia to Sweden. However, the values in the present camels are comparable to those found in nonlactating camels (5, 11) . In this context, the unusual sensitivity of camel's kidneys to the antidiuretic action of vasopressin is important (11, 39) .
An initial delay in vasopressin response to dehydration has also been observed in the black Bedouin goat (27) . In that species plasma vasopressin concentration increased after 2 days of water deprivation, which could be compared with 8 days of dehydration in the camels. In both species, the increased plasma vasopressin concentration was observed together with hypovolemia as indicated by the elevated plasma protein concentration in the camels and by the Evan's blue method in the goats. Hypovolemia acts on the low-pressure baroreceptors that send signals to the hypothalamus both directly and via the renin-angiotensin system stimulating thirst and vasopressin release (6, 29) . Elevated plasma osmolality and plasma sodium concentration in combination with hypovolemia increased plasma vasopressin concentration four to five times in the present camels and could have both antidiuretic and vasoconstrictor effects.
Besides the water-saving action of vasopressin, the camels economized on water by seeking shade and maintaining a comparably low rectal temperature. This demonstrates the interaction between body hydration and thermoregulation during heat stress (7, 25, 30, 42) . Diurnal variation in body temperature with high temperatures in the afternoon and low temperatures in the early morning is a characteristic feature of ruminants living in the desert (37, 43) . The present camels, however, did not increase noon or afternoon rectal temperatures with increasing dehydration. Instead, morning temperature decreased with increasing dehydration and consequently the camels took a longer time during the day to warm up, especially as they preferred to stay in shade in the morning. Severely dehydrated camels or goats do not sweat even at high temperatures (7, 35 ) and the present camels had a low respiratory frequency on all measuring occasions. Therefore, loss of electrolytes and water by sweating or loss of water by panting was probably kept to a minimum. Water consumption, for comparison calculated as water intake per day, was lower after 8 days than after 4 days dehydration, illustrating the efficiency of the water-saving mechanisms.
The camels were given sodium chloride mixed in the concentrates, and the concentrate/sodium intake decreased by 40% during 8 days of water deprivation, and by about 50% during 16 days (9) . At the same time, the camels continued to excrete sodium via the milk, urine, and feces. Food and sodium deprivation disturbs the net transfer of sodium and water between the extracellular volume and the gastrointestinal tract (18, 24, 41) , and total food deprivation lowers plasma sodium concentration (14) . Therefore, 16 days of water deprivation probably caused depletion of both the extracellular and intracellular body fluid compartments and strengthened the signals from the body to the hypothalamus and caused thirst and elevated plasma levels of vasopressin by the activity of reninangiotensin system (12, 21, 29) .
Renin or angiotensin was not measured in the present study, but aldosterone concentration did not change during the dehydration days in agreement with findings in nonlactating camels (5, 11, 19) . It has been suggested that elevated plasma sodium concentration prevents the rise in aldosterone during dehydration to avoid augmenting the osmotic load. In addition, the osmotic load can be diminished by natriuresis, which has been observed in dehydrated animals in positive sodium balance (28, 41) . The present camels lost sodium via the milk and possibly also by natriuresis. This could explain why plasma sodium concentration stabilized at 161 mmol/l. In nonlactating camels reports are partly contradictory. In one study natriuresis was observed during dehydration, but the plasma sodium concentration increased to high levels and aldosterone concentration did not change (11) . In another study (3) natriuresis was observed in moderately heat-stressed camels together with lowered plasma aldostereone concentration, whereas severely heat-stressed camels mobilized aldosterone and retained sodium during 2 wk of water deprivation. Three factors were noticeable in that study. First, the camels were all on low sodium/high potassium intake, which caused a basic elevation of aldosterone concentration. Second, electrolyte loss by sweating could have played a role. Third, very severe heat stress could have stimulated ACTH release and thereby contributed to the increased aldosterone concentration. In compar-ison, the heat stress was less severe for the present camels and they showed no increase in plasma cortisol concentration.
However, plasma aldosterone concentration was elevated upon rehydration, i.e., on day 1 of treatment W1. In retrospect, this finding illustrates that a 5-day interval was too short after 16 days of dehydration, since W1 followed W16 in five of the camels (one of these was the second oldest and stopped eating during W16) and in the other two camels W16 was the last treatment. The high aldosterone concentration indicated that the camels had lost salt, and the decreased food intake together with water deprivation resulted in a low body weight at the end of W16. When water was available during W1 the camels drank in excess and they consumed their whole ration of concentrates and sodium again within a few days (9) . Nevertheless, it took them almost the whole W1 treatment to regain their body weight.
The increased plasma aldosterone levels upon rehydration are in agreement with studies in nonlactating camels (11, 19) . When a dehydrated animal drinks, the sudden inflow of water fills up the extra-and intracellular space, and it is important to retain as much sodium as possible to avoid dilution of body fluids. High aldosterone concentration serves this purpose (1) . At this time, sodium appetite may also become evident as shown in rats (15) . The results show that after a long dehydration period lactating camels may need an equivalent time to recover.
In conclusion, lactating camels stored water after drinking and diminished water losses by staying in the shade, keeping body temperature low and releasing plasma vasopressin. However, serious dehydration was observed during W8 and, after 16 days of water deprivation, recovery took a long time. A watering interval of between 4 and 7 days seems advisable under similar environmental conditions.
Perspectives and Significance
Camels are able to maintain fluid balance and plasma volume during water shortage comparatively longer than other animals. This physiological capacity is an important attribute for the pastoralists and nomads who keep camels for milk production in eastern Ethiopia. Camels under traditional pastoral management produce more milk than any other domestic animal reared in the same environment. During the wet seasons of the year, when there are enough plants for browsing, watering of camels is not necessary but during the dry seasons camels are watered every 4 to 7 days in this area. Thus the practical experience is in good agreement with the results of this study.
A preference for shade was shown in the present camels. Husbandry practice varies from dry arid to semi-arid areas. In dry regions it is usually impossible to find shelter except for a few trees at the watering spots. In semi-arid lands camels can find shade under old and large trees, but there is also some development toward semiintensive farming of camels. In such a system it would be possible to provide shelter to diminish the effects of heat stress on camels and thereby maintain milk production for a longer time. Nevertheless, under the prevailing climatic conditions, camels became severely dehydrated after 8 days, and shorter watering intervals are therefore advisable. However, if camels in sodium balance are fed plants with a high water content, watering intervals could be longer.
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